
I

i

.

NATIONAL ADVISORY COMMITTEE

FOR AERONAUTICS

TECHNICAL NOTE 3536

A LIMITED FLIGHT INVESTIGATION OF THE EFFECT OF

THREE VORTEX-GENERATOR CONFIGURATIONS ON

THE EFFECTIVENESS OF A PLAIN FLAP

ON AN UNSWEPT WING

By Garland J.Morris and Lindsay J. Lina

Langley Aeronautical Laboratory
Langley Field, Va.

w

Washington

September 1955

‘L

.— . . . . -,---- .. . . . .... ... ------- ------



TECH LIBRARY IUWE, NM

lH

.

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS llllullilllmllilllu
t30bL50L

TECHNICAL NOTE 3536

A LIMITED FLIGHT INVESTIGATION OF TEE EFFECT OF

THREE VORTEX-GENERATOR CONFIGURATIONS ON

TEE EFlm~ SOFA PLAIN FL4P

ON AN UNSWEPT WING -

By Garland J. Morris and Lindsay J. Ldna

Iiimitedflight tests of a fighter airplane have been conducted to
determine the effect of three vortex-generator configurations on the
effectiveness of a plain flap. Vortex generators consisting of rectan-
X ai??fOilSmounted on the upper surface of the airplane wing at the
63-percent-chord station produced some increase in airplane lift coeffi-
cient at a given angle of attack, no increase in drag with flaps deflec-
ted 19°, and no increase in maximum normal-force coefficient. These vor-
tex generators mounted at the 75-percent-chord station in another test
produced no increase in either akgiLane lift coefficient or maximum normal-
force coefficient. A third generator configuration consist~ of larger
tapered airfoils mounted at the 63-percent-chord station of the airplane
wing Produced a cons3-derableincrease in lift coefficient for a given
angle of attack at the 19 flap deflection in a g13de but at the expense
of increased drag. The effect of these generators was equivalent to a
further increase in flap deflection to 27’0. No hprovement in flap effec-
tiveness was obtained with sny of the generators tested fbr flaps deflec-
ted 45°.

The results, therefore, indicated that the’vortex-generator con-
figurations tested provided only a little advantage over the use of the
flaps alone. Since the vortex generators tested were effectiw in
increasing lift coefficient at moderate flap deflections, they might be
used

flap

—

to increase the effectiveness of ailerons.

INTRODUCTION

Extensive separated flow over the top surface of a deflected plain
prevents much of the potential 13ft from being obtained. Large
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2 NACA TN 3536 .
,

gains in flap effectiveness would therefore result if the flow could be
made to follow the top surface of the flap.

Vortex generators have been used with success in eliminating or
reducing separation in diffusers, as shown, for example, by the results
given in references 1 and 2. No informtion,appesrs to be avaihble on
the effectiveness of vortex-generators in preventing or delaying sepa-
ration over a plain flap. Limited f13.ghttests of a fighter airplane
have been conducted to determine the effects of three vortex-generator
configurations on the performance of a plain flap on an unswept wing.
The tests were made at several indicated airspeeds covering a range
from stall to 140 miles per hour and were initiated at a pressure alti-
tude of 7.,000feet.
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normal acceleration, g units

airplane wing chord, ft

lift coefficient

normal-force coefficient

acceleration due to gravi~, ft/sec2

static pressure, lb/sq ft

dynamic pressure, lb/sq ft

gas constant, 1,716 ft-lb/slug-OR

wing area, sq ft

temperature, OR

velocity, ft/sec

airphne weight, lb

angle of attack of fuselage reference line, deg

flight-path angle, positive in clinib,deg ,

attitude angle, positive with nose-up inclination of airplane,
deg
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TEST CONDITIONS AND APPARATUS

The Airplane and Flap Modification

The tests were conducted on a World War II propelkr-driven fighter.
The characteristics of the airp@ne are shown in table I. The airplane
flap extended from 8.9 to 59.5 percent of the wing semispan. The corre-
sponding flap-chord ratio varied from 0.238 at the inboard station
(excluding the extended leading edge of the wing) to O.2k’j at the out-
board station. The airplane flap was sld.ghtlymodified for these tests
by cementing a thin balsa fairing to the flap to eliminate a surface -
discontinuity of about 1/8 inch which is exposed when the flap is
deflected. (See fig. 1.)

Vortex Generators and Configurations

The four different vortex-generator conditions tested are as
follows: no vortex generators (basic configuration),vortex generators
of rectangular plan form mounted at the 0.63c station (configuration1),
vortex generatcms of rectangular plan form mounted at the 0.75c station
(configuration2), and vortex generators of tapered plan form mounted
at the 0.63c station (configuration3). Details of the vortex genera-
tors and their arrangements are shown in figure 2 and table II. Photo-
graphs of the generators installed on the wing of the airplane are
shown in figures 3 to 6. The vortex generators were constructed of an
acrylic-base plastic and were cemented to the airplane wing surface in
front of the flap at 75 percent of the airpkne wing chord for configu-
ration 2 and at 63 percent of the wing chord for”configurations 1 and 3.
The generators were filed to an approximate airfoil shape with a flat
lower surface and a rounded nose. They were arranged so that adjacent
vanes would produce counterrotatingvortices.

Ihstrumentation

Standard NACA recording instruments were used to &easure impact
pressure, static pressure, and temperature for determining flight-path
single,and an inclinometerwas used for recording attitude angle. Nor-
mal acceleration was measured to permit evaluation of the maximum
normal-force coefficient.

Aboundary-layer. survey was made at the 0.63-chord and O.~-semispan
station to determine approximately the thickness of the boundary layer
by using a static-pressure orifice on the surface and three total-
pressure tubes mounted 0.23, 1.22, and l.~ inches above the surface.
Ik another survey a totil-pressure tube referenced to the free-stream

.—...—__ —— —— —. .—



4 NACA TN 3536

1 inches above the wing surface attotal pressure was mounted about 2Z

the O.74-chord and 0.45-semispan station to determine whether the bound-
ary layer at this location was thicker or thinner than the span of the
vortex generators.

Wool tufts were attached to the upper surface of one flap and were
photographed by a

Level-flight

16-miMter gun =mra instilled in the fuselage.

Flight Conditions

tests and stedy glides were made at as nearly con; ‘
stint speed as possible. The speeds for the basic configuration anif
configuration 3 covered a range from about 10 miles per hour above
stall to 140 miles per hour indicated airspeed. The speeds for configu-
rations 1 and 2 were limited to about 10 and 20 miles per hour indicated
airspeed above stall. A constant low power (15 inches of mercury mani-
fold pressure) was used for all glides. The level-flight and glide runs .
were initiated at an altitude of 7,000 feet and the duration of each run
was approximately 1 minute. Stalls were obtained by gradually reducing
airspeed in a glide.

Tests with the flap partially deflected were made during the first
part of the flights and were followed by tests with the flaps fuJJ-down.
The flap was set at a deflection angle of 30° on the ground prior to
take-off in an attempt to obtain more accurate settings than could be
made by the pilot in flight. Complete retraction of the flap was not
permitted because of the balsa fairing on the flap. After the tests
were completed, however, it was learned from motion pictures of the
flap (which were taken to study air flow) that the flap did not remain
in the position at which it wasset on the ground. This flap movement “
probably occurred because of a dissimilarity of the test airplane from
the standard production model which prevented f’dl hydraulic pressure
from holding the flap fixed in a partially deflected position. With
the use of structural details and tufts which could be identified on,
the wing and flap, a comparison of the pictures taken during the flight
tests with pictures taken during a calibration made after completion of
the tests showed that the flap angles varied from 16° to 21° for the
flaps partiaUy deflected and from 45° to 46° for the flaps full down.
U-though motion pictures were not made for all glide ”andlevel-flight
runs, it is believed that the flap angles for those runs not photographed
were reliably estimated from the nature of the variations of flap deflect-
ion and the order of the runs photographed.

The flap was not photographed during the stalls and the flap angle
could not be as reliably estimated for this maneuver with flaps partially
deflected as for the glide and level-flight maneuvers. The angk has

—.



NACA TN 3536 5

. been assumed to be 19° for partially deflected flaps except for the
stall with configuration 3. The flap for this configurationwas set
at jOO by the pilot in flight with the use of a reference line on the
flap after the tests with flays down were completed. The angle for
flaps full down is considered to be 45° as the deflection was always
nearly constant because of the holding action of the high hydraulic
pressure. All tests were made under smooth air conditions with the
landing gear down.

METHOD OF EVALUATION

The flight-path angle of the airplane
readily derived relation

7 = sin-l
(

RT 1
-~v

was determined from the

AP
m )

where Ap corresponds to the c~e in pressure in a steady glide for
the time interval At, approximately 60 seconds. The values of T, p,
and V are average values determined from several equal time intqvals
during the glide in which V is held nearly constant and the variation
of T and p is small. This relation is valid in the absence of any
vertical air motion and of any vertical ~adient of wind veloci~; in
tiew of the smooth air conditions of the tests, this assumption appears
to be reasonable.

The angle of attack a and the airplane Mft coefficient CL for

the steady flight runs were computed as follows:

a= e -7

and

~_wcos7
L- qs

In these computations also, the quantities taken are average values
for the time interval At. The time interval At over which the
average values were taken was sufficiently long and the change in air-
speed between the beginning @ end of the run was sufficiently small
so that the average acceleration during the interval was very small.
The average inclinometer angle therefore could be taken to represent
the mean attitude angle 13 directly.

. -— ——-————— . ——— .- –—–——. ..— —. —.———- —



6 NACA TN 3536

In the stalls only
was determined from the

the normal-force-coefficientvariation with time
rektion:

Waz -
CN== .

1.

Values of CL
#

and a coul@ not be determined with the instrumentation ‘ .,

used under the changing conditions of the stall.
.,
%<

The variation of the flap angle from 16° to ~“”for the various
glide and level-flight tests with the flaps partially defkcted required ‘
that the results be correctid to a common flap deflection for comparison ‘ ,
of the tests. The lift coefficientswere corrected to a flap deflection
of 190 by assuming a lift-coefficientvariation of 0.014 per degree of
flap deflection. Although this value is considered to be approximately
correct, a considerable deviation from this value would have little
effect on the results because of the comparatively small deviations in
flap deflection frcm 19°. The flaps .wereconsidered to be deflected 45°
for the tests with the flaps full down and no correction was made as the
flaps appeared to remain nearly constant (450 to 46o) for this flap
position.

-DISCUSSION OF

Boundary-Layer

The results of the boundary-layer
and 0.44-semispan station on the basic

RESULTS

Thickness

survey made at about the 0.63-chord
wing (no generators) indicated

L inches thick in the level-flightthat the boundary layer was less than –
\

3condition for the flaps deflected 19° and 45° and less than – inches
%

thick for the low-power glides at both of these flap settings. The span
of the vortex generators, 2 inches, was therefore appreciably greater
than the boundary-layer thickness at this wing location and very likely
over the spanwise extent of configurations 1 and 3 for the steady level-
flight and glide maneuvers below the stall. These ratios of span to
boundary-layer thickness are in the range found to be optimum for dif-
fuser applications in reference 2.

. At the more

tube mounted 2*

the<leading edge
pressure loss at

rearward location of 0.74 chord, the total-pressure

inches above the wing surface and 1/2 inch ahead of

of the generators for configuration 2 showed a total- ‘
this location for all flight conditions investigated;

—
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this condition
were submerged

indicated that the generators for this configuration
in the bounda”iylayer.

Lift Curves

The variations of airplane lift coefficient with angle of attack
for flaps deflected 19° and 45° are presented in figure 7 for the basic
airplati in a steady
power used for level
0.077 per degree for
for the glides.

The faired lift

glide and in level flight. Because of the increased
flight, the slope of the lift curve was about
this contition as co-ed with 0.074 per degree

curves for the basic configuration (fig. 7) are
compsred with the results obtained from the three vor.t-ex-generatorcon-
figurations in figure 8. With the flaps fdl down, none of the vortex-
generator configurationshad any appreciable effect on Mft coefficient
at a given angle of attack except that there seemed to be a slight loss
in lift coefficient for configuration 2 in the glide condition.

With the flaps deflected 19°, vortex-generator configurations 1
and 3 resulted in some increase in lift coefficient at a given angle of
attack over that of the basic airplane. The increment was about the
same for configuration 1 in the level-fli@t and glide tests and for
configuration 3 in the level-flight tests. A somewhat larger increment
in lift coefficient for a given angle of attack was obtained with vortex-
generator configuration 3 for this flap setting in the steady g~des.
For configuration 3, there was an increase in lift coefficient of about
0.09 for the glide condition. Vortex-generator configuration 2 had no
effect at this flap setting.

Although the vortex-generator configurationstested were not able
to increase the maximum lift capabilities of the airplane, the increase
which was obtained with flaps partially deflected indicates that vortex
generators may be suitable for improving the effectiveness of ailerons.
An increase in aileron effectiveness would be desirable because of the
decrease in aileron deflection required for a given rolling moment and
the resulting decrease in stick

Normal-Force

With flaps full down, none

force.

Coefficient at Stall

of the vortex-generator configurations
had any appreciable effect on the average norm&force coefficient of
the ai&plane just prior to stall. With-flaps deflected 19°, vortex-
generator configurations 1 and 2 also had no appreciable effect on
normal-force coefficient. The effect of vortex-generator configuration 3
on the maximum normal-force coefficient of the airplane with flaps
.

— - — .—.— —



8 NACA TN 3536

deflected 19° is not known because no stall tests were made under these
conditions. The normal-force coefficient for configuration 3 and for
flaps deflected 30° was only about 1 percent less than that for the
basic configurationwith flaps fuJJ down.

Glide Angle

The flight-path angle obtained in the steady glides is plotted
against angle of attack in figure 9 for the various airplane and vortex-
generator configurations. This flight-path angle actually represents
the ratio of thrust minus drag to lift since some power (about 15 inches
of merc~ manifold pressure) was maintained in the glides. Part of the
scatter seen in the data of figure 9 is probabIy due to inaccuracy in
repeating the power setting in the glides at various airspeeds. The
scatter is not consistent with differences in flap deflection. Also
shown in figure 9 is a curve interpolated from the data of figures 8
and 9 for the flap of the basic configuration deflected to give the
same Mft coefficient as that obtained with vortex-generator configu-
ration 3 and flaps deflected 19°.

The flight-path angle for each flight test shown in figure 9 is
an tidication of the drag of the test configuration, the propeller
thrust being assumed to be nearly the same for each glide. A study of
figures 8 and 9 reveals that the only vortex-generator arrangement
shmnln.gan improvement in flap effectiveness, that is, an increase in
lift with no increase in drag, is configuration 1 for a flap-deflection
angle of 19°. Although both configuration 1 and configuration 3 indi-
cated some increase in lift at a flap deflection of 19° (fig. 8), con-
figuration 3 also indicates an increase in drag about equal to the
interpolated value of drag for the basic
angle increased to provide the same lift
therefore had about the same effect as a
deflection (about 80).

Flow Over the

configurationwith the flap
increment. Configuration 3
further increase in flap

Flbp

Tuft studies indicated that the flow over the top surface of the
flap when folly deflected was completely separated and was not affected
by the vortex generators.

For the lasic configurationwith the flap deflected 19°, the flow
followed the top surface of the flap a short distance, became unsteady,
and separated. Httle.change in the flow from the basic configuration
was noted for configurations 1 and 2, which were tested over a limited
low range of airspeed, and for configuration 3 at low speeds.

c,
some

change, however, was noted for configuration 3 with flaps deflected 19° .

/———..
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at 140 miles
unsteady and

per hour indicated
separated flow was

9

airspeed. Only a small amount of
evident at this speed, the flow being

especially smooth on the outboard portions of ~-flap. The flow wa;
steadier for the glide than for le;el flight at this &speed.

CONCLUSIONS

Flight tests have been conducted to determine the effect of three
vortex-generator configurations on the effectiveness of a plain flap on
an unswept wing. None of the generator configurations improved the
effectiveness of the flaps deflected 45°. With the flaps deflected 19°,
two of the vortex-generator configurations caused some increase in llft
at a given anglk of attack but it amouqted to less than half of the
gain resulting from further deflection of the flap to the full-down
position. One of these vortex-generator configurations apparently
caused no increase in drag. The vortex-generator configuration that caused
the largest increase in ~ also increased the drag by approximately the
ssme amount as that which would result from increasing the flap deflection
sufficiently to give the same lift increment as was obtained with the gen-
erators. The vortex generators tested, therefore, provided only a ldttle
useful improvement in flap effectiveness.

Although none of the vortex generators tested increased the maxi-
mm lift capabilities of the airplane, the increase which was obtained
with flaps partially deflected indicates that vortex generators may be
suitable for improving the effectiveness of ailerons which operate at
moderate deflections.

Iangley Aeronautical Laboratory,
National Advisory Committee for Aeronautics,

Langley Field, Vs., July 6, 1955.
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CHARACTERISTICS OF TEST AIRPIJJU

Wing :

Airfoil section . . . .
Span, ft.......
Dihedral, deg . . . . .
Incidence (root), deg .
Aerodynamic twist, deg
Area (total), sq ft . .
Mean aermlynamic chord,
Aspect ratio . . . .
Taper ratio . . . . .
Root thiclmess ratio
?l?ipthickness ratio .

Wing flaps:
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Area (both), sq ft .
Span (each), in. . .
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19.84) ,
Outboard (wing station 132.78), in.

Motion (down), deg . . . . . . . . .

Horizontal tail:
Span, ft . . . . . . . . . . . . . .
Area, si ft . . . . . . . . . . . . .

Weight at take-off, lb . . . . . . . .
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NAA-NACA low drag airfoil
.
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37.03
5
1

-2.8
24o.1
6.63
5.71
0.462
0.15
0.12

Plain
32.22

lx?. +

23.60
17.30

47

13.18
41.0

8,622
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TABLE II

VORTEX-G~TOR CONFIGURATIONS

Configuration

1 2 3

Vortex-generatordesignation
(see fig. 2) . . . . . . . . . . . . A A B.

Vortex-generatorarea, sq in. . . . . 4 4 8

Chordwise location on wing . . . . . . 0.63c o.~c o.63c

Angle ofattack, deg... . . . . . . 15 15 20

Spacing between vortex
generators, in. . . . . . . . . . . 4 4 6

Number of vortex.generators
used. . . . . .. . . . . . . . . . . 56 56 36

. _ . ..———.— ..——— .— —.—— —— —.————— .- —.— — ..—
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Figure l.- Basic airplane wtth mdif ied flap. L-82465 .1
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Figure 2.- Details of vortex generators. All dimenslon6 are in inches.
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Figure 6.- Closeup view of vortex-generator
airplane wing.
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Configuration

Basic

Vortex generator1

Vortex generator2

Vortexgenerator3

.—— — Linear interpolationfor flap of basic
. configurationdeflectedto obtain same

CL as obtainedwith vortex-generator

configuration3 and flaps deflected19° “

.

A
1%

-0.16
-4 0 4 8 X2

Angle of attack, a, deg

Figure 9.- Effects of vortex-generator configurations on flight-path
angle in low-power glides. Flaps deflected approximately 19° and 45°.
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